SUMMARY Medical control for paramedics by means of radio and ECG telemetry is costly, time consuming, and-of unproved value. We assessed the interaction between emergency room physicians and paramedics during ambulance transport of "seriously ill" cardiac patients (cardiac arrest, acute myocardial infarction, or new onset on crescendo angina pectoris) with paramedics in service. Thirty-five percent of all arrhythmias and 35% of potentially life-threatening arrhythmias were misclassified. Correct treatment was rendered in 74% of the cases, although only 65% were correctly diagnosed (p < 0.01). The principal predictive variable for misdiagnosing or incorrectly treating a patient was the presence of a potentially life-threatening arrhythmia, precisely the condition for which medical control and the paramedic system has the most to offer. Only 39% of patients with life-threatening arrhythmias were correctly diagnosed and correctly treated, whereas 64% of patients without life-threatening arrhythmias were correctly diagnosed and correctly treated (p < 0.001). Mortality reflected correct diagnosis and treatment. In-hospital and overall mortalities were 12% and 33%, respectively, for patients who were correctly diagnosed and treated (p < 0.06), compared with 20% and 43%, respectively, for patients who were incorrectly diagnosed or incorrectly treated (p < 0.04). More rigorous medical control is needed to improve the quality of patient care and outcome and to further integrate the advanced life support program into the health care system. ON-LINE direction of paramedics by means of radio communication and ECG telemetry has been mandated by the Federal Office of Emergency Medical Services (EMS) as part of prehospital advanced life support for cardiac patients.' Systems that do not use on-line medical control but report excellent results, as in Seattle, provide critical counterpoint to this position.2 The purpose of this study was to examine the current practice of "medical control" and its potential usefulness as one element of the prehospital system. In particular, we studied the accuracy of diagnostic categorization of arrhythmias and appropriateness of treatment rendered by the paramedics in conjunction with their emergency room physician "medical control" for patients with suspected acute cardiac disease.
ON-LINE direction of paramedics by means of radio communication and ECG telemetry has been mandated by the Federal Office of Emergency Medical Services (EMS) as part of prehospital advanced life support for cardiac patients.' Systems that do not use on-line medical control but report excellent results, as in Seattle, provide critical counterpoint to this position. 2 The purpose of this study was to examine the current practice of "medical control" and its potential usefulness as one element of the prehospital system. In particular, we studied the accuracy of diagnostic categorization of arrhythmias and appropriateness of treatment rendered by the paramedics in conjunction with their emergency room physician "medical control" for patients with suspected acute cardiac disease.
Methods
We developed a comprehensive data base of all ambulance runs within a geographically distinct EMS region in southeastern New England from January 1976 through December 31, 1978. The region is a peninsula that is contiguous to only one other EMS region and served by three hospitals, thereby facilitating data collection. The region comprises 20 towns, ranging from one town with 50,000 residents to a number of small, semirural towns, with a total population of 150,000 residents over a 435-square-mile area. During the summer, tourists increase the population by a factor of 3.4 and the total number of ambulance runs per month (624 to 1488) increases by a factor of 2.4 . The seasonal population influx does not influence diagnostic skills of the emergency medical technicians (EMTs) or compliance with therapeutic protocols. 3 Each town has its own fire department ambulance and rescue service, linked through a central communications network. These ambulances are staffed by 336 EMTs, who have completed the national basic level 8 1-hour EMT training course, and by 64 paramedics. The paramedics have received 800 hours of classroom training and have passed an examination similar in format to the cardiac part of the National Paramedic Examination,4 and have received extensive field supervision by physicians and a nurse coordinator. Two cohorts of paramedics participated in this study: The first cohort was certified at the time the study was begun (January 1976) and subsequently took a 70-hour refresher course midway through the study (July 1977) ; the second cohort of paramedics completed the initial course and joined the study in July 1977.
The EMTs and paramedics work in pairs, but because of the small number of paramedics during the initial year of the study and only limited triage of the 4208 suspected cardiac patients seen during this study period, 585 (44%) of the 1316 patients with a final diagnosis of acute cardiac disease were transported in ambulances solely staffed by EMTs. EMTs had voice control and no telemetry available to them; therefore, those runs were excluded from this analysis. Initially, the EMS system provided for medical control between the emergency room physicians at the three hospitals and the paramedics for all patients with suspected cardiac disease, but this approach was not practical. Instead, medical control was provided only for patients whom the paramedics judged to be "seriously ill." Hence, the 288 cases presented in this paper represent the paramedics' judgment of the "seriously ill" subset of the 731 patients with a final diagnosis of acute cardiac disease transported by the paramedics.
The procedure for instituting medical control involves the paramedic assessing the patient as "seriously ill," establishing radio and telemetry contact with one of the three receiving hospitals, reporting on the case, and discussing diagnosis and therapy with a physician/nurse team at the base hospital. Generally, the nurse receives and reports the information to the physician, the physician reviews the ECG telemetry strips, and either the physician or the nurse communicates directly with the paramedic. The initial communication takes 1-4 mninutes. Because many of the ambulance runs in this region involve up to 1 hour of transport time, the nurse monitors the moment-tomoment communications from the paramedic and subsequent 20-second bursts of telemetry sent as needed while the physicians attend to other patients in the emergency room. Ten physicians who belong to two EMS physician groups at these three hospitals provide the medical direction. The physicians' backgrounds vary from training in emergency medicine to more general training in surgery or internal medicine. All have had extensive experience in emergency rooms.
All pertinent clinical and operational information, from the time of the initial call for medical assistance to the arrival of the paramedics in the emergency room and on through hospital and/or emergency room discharge, was collected for 288 patients. All ambulance, emergency room and hospital records were abstracted, including the interpretation of the rhythms by EMS physician and paramedic and the medications given. All ECG telemetry strips taken during the ambulance run were independently reviewed by a board-certified cardiologist without knowledge of the diagnoses or treatments. Persistent artifact for any specific patient was not a problem. Half of the ECG telemetry strips were also reviewed by a cardiac nurse-clinician. The correlation between the two readers was r = 0.95. The emergency room and hospital records were also independently reviewed and final diagnoses were based on standard historical, electrocardiographic and enzymatic criteria for acute cardiac disease. Included in this study were Two means were used to ensure completeness of the data base. First, "suspected acute cardiac disease" was broadly defined, and included any patient whom the paramedics categorized as cardiac, treated with any cardiac medication, or identified by a possible cardiac symptom. The cardiac symptoms used in this study were derived from the Imminent Myocardial Infarction in Rotterdam (IMIR) Study5 and include chest pain, shortness of breath, upper abdominal pain/nausea, tiredness/weakness, fainting/dizziness, palpitations, pedal edema, unexplained irritability, and pain in arms, shoulder, neck or throat. In the original Rotterdam study, use of this list of symptoms identified more than 90% of all patients with acute myocardial infarction in the community. Second, the study population was identified from three sources": ambulance run sheets, emergency room logs and computerized discharge printouts of final diagnoses at the three participating hospitals. The emergency room log and the computerized discharge printout were reviewed to identify suspected acute cardiac patients missed by the paramedic or the emergency room physician.
The electrocardiographic rhythms were classified into one of 17 categories, based on the predominant rhythm. When multiple rhythms existed, the electrocardiographic classification was based on the rhythm judged to be the most potentially life-threatening. These rhythms were retrospectively, without knowledge of the outcome, grouped into six broad categories against which the paramedic's interpretation of the rhythm was judged. These categories were (1) sinus -normal sinus rhythm, sinus tachycardia and junctional tachycardia (less than 100 beats/min); (2) supraventricular tachycardia (SVT) -paroxysmal atrial tachycardia, atrial fibrillation, atrial flutter and junctional tachycardia (more than 100 beats/min); (3) bradyarrhythmias -accelerated idioventricular, sinus bradycardia, second-degree atrioventricular block and complete atrioventricular block; (4) premature ventricular complexes (PVCs) (Lown classification I-IVa7); (5) ventricular tachycardia/ventricular fibrillation (VT/VF); and (6) agonalidioventricular, asystolic. These broad categorizations were used because they were the most clinically relevant with respect to treatment protocol because the objective of the study was to evaluate the ability of the paramedics and physicians to recognize arrhythmia patterns rather than to diagnose the arrhythmia precisely. Agonal, PVC and VT/VF were considered potentially life-threatening arrhythmias. SVT was considered potentially life-threatening if the systolic blood pressure was less than 100 mm Hg and the heart rate greater than 100 beats/min. Bradyarrhythmia was considered potentially life-threatening if the systolic blood pressure was less than 100 mm Hg.
The protocols used for each of these general arrhythmia categories are given in 
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CI RCU LATION rhythmias were correctly diagnosed and treated (p < 0.001). Because infrequent unifocal PVCs can sometimes be difficult to discriminate from atrial or junctional premature complexes and because some physicians might judiciously tend to observe them in this type of prehospital setting, we recalculated the data in tables 3 and 4 after eliminating the 13 patients with infrequent (< 4/minute) unifocal PVCs from the analysis. These data and the demographic, clinical and outcome data (tables 5 and 6) were not significantly altered.
The patients who were correctly diagnosed and treated were similar to those who were incorrectly diagnosed or incorrectly treated or both (table 5) . There were no statistically significant differences between the two groups with respect to sex ratios, history of myocardial infarction, or severity of disease as indicated by Killip class or final diagnosis. A statistically significant difference does exist between the average ages for the two groups (63.9 years vs 66.7 years, p < 0.04), but this difference was not clinically significant. The only meaningful difference between the two groups was the presence of potentially lifethreatening arrhythmias (45% vs 69%, p < 0.001), even after controlling for severity. Patients with incorrect arrhythmia diagnosis or treatment were similarly distributed across the three hospitals' emergency room physician medical controllers and over groupings of paramedics by town, by length of experience, and by amount of experience with acute cardiac patients.
The marginal impact of misdiagnosed or incorrectly treated patients is shown in table 6. In-hospital and overall (i.e., emergency room plus in-hospital) mortality rates were adversely affected by both misdiagnosis and incorrect treatment. The in-hospital mortality rates are 12% for the correct diagnosis and treatment group and 20% for the incorrect diagnosis or treatment group (p = 0.06 by one-sided test). The overall mortality rates are 33% and 43%, respectively (p = 0.04). These differences remained statistically significant after adjustment (with partial correlations) for age and severity by Killip class. However, when the presence of life-threatening arrhythmias was controlled for the mortality rates in the correctly diagnosed and treated group and the incorrectly diagnosed or treated group were not significantly different.
On secondary analysis, the 144 patients whose rhythm on the ambulance was either incorrectly diagnosed or incorrectly treated were subdivided into three groups: 58 patients who were incorrectly diagnosed but correctly treated, 43 patients who were correctly diagnosed but incorrectly treated, and 43 who were incorrectly diagnosed and incorrectly treated. The frequency of potentially life-threatening arrhythmias in these groups was 43%, 100% and 74%, respectively. As expected, the emergency room, hospital, and final mortality rates (table 6) were primarily a function of incorrect treatment, and the differences between correct and incorrect treatment were statistically more significant. The emergency room mortality rates were 22% and 37% (p < 0.02), the in-hospital mortality rates were 14% and 20% (NS) and the overall mortality rates were 33% and 50% (p < 0.02). With no adequate explanation for the 101 patients with incongruency between diagnosis and treatment except for serious reporting problems and because consistent correct treatment is axiomatically tied to correct categorization of the rhythm, we have focused on the more conservative analysis. Figure 1 is a path analysis diagram8 of the data from all 288 patients. Severity as measured by the Killip classification primarily affects mortality (beta weight of 0.54). Potentially life-threatening arrhythmias and age predispose paramedics to a misdiagnosis or incorrect treatment (beta weights of -0.26 and -0.15, respectively). The presence of potentially life-threatening arrhythmias, especially VT or VF, directly related to a high final mortality rate (beta weight of 0.25). The relationship between correct diagnosis and treatment and outcome after the other five variables are controlled for is in the expected direction (i.e., a negative sign), but the relationship is weak (beta weight of 0.02).
Discussion
Cardiac advanced life support paramedic programs have become an integral part of the health services system in more than 50 of this country's 300 EMS regions.9 Recent studies using quasiexperimental designs in Chicago,'`Seattle2 and Massachusetts" have established the effectiveness of these programs compared with basic life support programs in reducing cardiac mortality. Effectiveness in reducing cardiac mortality in these studies has been confined principally to patients found in cardiac arrest with VT or VF within 4-5 minutes of the arrest who are promptly defibrillated. Citizen-initiated cardiopulmonary resuscitation appears to prolong that time to perhaps as much as 7-9 minutes. In this study, we have focused on a larger group of cardiac patients, i.e., those patients with suspected acute cardiac disease. We have examined the practice of medical control to understand its effect on the effectiveness of paramedics and the prehospital care rendered by them.
Among the patient population with suspected acute cardiac disease, using broad cardiac rhythm categories and allowing for the use of alternative treatment protocols, we have demonstrated serious shortcomings in the current practice of medical control for paramedics. Thirty-five percent of potentially lifethreatening arrhythmias were misdiagnosed. Treatment protocols were adhered to in 74% of cases and the rhythms were correctly classified in only 65% of the cases. Most important, the principal predictive variable for misdiagnosing or incorrectly treating a patient appears to be the presence of a life-threatening arrhythmia, the condition for which medical control should offer the most benefit. Patients with lifethreatening arrhythmias were diagnosed and treated correctly in only 39% of cases, whereas patients without life-threatening arrhythmias were correctly diagnosed and treated in 64% of the cases.
These shortcomings in diagnosing and treating arrhythmias affect hospital and final mortality. Inhospital and final mortality rates were significantly lower in patients correctly diagnosed and correctly treated than in those who were not (12% vs 20% and 33% vs 43%, respectively). These improvements may reflect early stabilization of patients, especially those with acute cardiac conditions other than a cardiac arrest, by early aggressive management of heart failure and arrhythmias. However, no change in prehospital/emergency room mortality was found for those patients correctly diagnosed and treated. The long distances traveled in this area by paramedic teams and the long response time these distances entail offer some explanation for this finding. We can only speculate about the lack of statistical significance between patients correctly diagnosed and treated and those incorrectly diagnosed or treated once we have controlled for the presence of potentially life-threatening arrhythmias. The relationship between correct diagnosis and treatment and outcome might be artifactual, and the presence of potentially life-threatening arrhythmias per se is a second measure of severity beyond that explained by the Killip class. The positive beta weight of 0.25 supports this contention. On the other hand, the equally strong negative relationship (beta weight of -0.26) of the presence of potentially life-threatening arrhythmias to correct diagnosis and treatment suggests an important interrelationship between correct diagnosis and treatment and outcome that is obscured by the two measures of severity (i.e., Killip class and presence of potentially life-threatening arrhythmia) and their overwhelmingly strong relationship to outcome.
Through observation and discussion with physician directors of advanced life support programs, we have no reason not to consider this paramedic service and its medical control program representative of current medical practice. We did not discriminate between problems with emergency room physician control and problems with the paramedics. There were no differences in the results from the three hospitals or from any particular group of paramedics. Because this study focused on seriously ill patients for whom paramedics instituted telemetry and on our judgment of correct treatment against standing protocols, we may be overestimating the shortcomings of medical control. However, it is this subset of cardiac patients who potentially benefit most from advanced life support cardiac paramedic programs and are the ap-CI RCULATION 446 propriate target population for the standards against which the overall performance of an EMS system can be measured, especially given the breadth and flexibility of these particular protocols. This study did rely entirely on a review of medical records and ambulance run reports filled out by paramedics and may have biased the results in either direction by underreporting the "less serious" cases or selectively reporting the cases about which they felt most certain.
In addition, all information was independently reviewed by a cardiologist. Alternative approaches can be designed for assessing the necessity and usefulness of medical control. Such studies could avoid any bias that enters into our results because of our use of data on the seriously ill subset of cardiac patients. These studies might attempt to identify profiles of low-risk and high-risk cardiac patients, which could then serve as a screening mechanism for selectively instituting medical control. Our limited data for low-risk patients (Killip classes I and II) suggest that if such profiles were developed, serious shortcomings of medical control for these patients would also be found. Until the practice of medical control between emergency room physicians and paramedics is improved, specifically for seriously ill cardiac patients with life-threatening arrhythmias, the usefulness of advanced life support, prehospital care of these patients is limited. More aggressive medical control requires improvement in each facet of the EMS system: emergency room physicians, paramedics, communications, and public responsiveness. This is necessary not only to tighten the system per se, but more importantly, to improve the quality of patient care and outcome.
The challenge for the 1980s will be to further integrate advanced life support programs into the health care system and to study these programs in depth to enlarge the subset of patients for whom advanced life support is effective and to identify new and more sophisticated approaches to increase their effectiveness. A more rigorous medical control system can be one of the means by which advanced life support programs meet this challenge.
